The broad-host-range IncP plasmids RP4, R68.45, RP1::TnSO0, and pUB307 were transferred directly to extremely acidophilic Thiobacillus thiooxidans from Escherichia coli by conjugation at frequencies of i0-5 to 10-7 per recipient. The ability of T. thiooxidans to receive and express the antibiotic resistance markers was examined. The plasmid RP4 was transferred back to E. coli from T. thiooxidans at a frequency of 1.0 x 10-3 per recipient.
. Crosses between strains were conducted by filter mating by using a 1:1 mixture of donor and recipient cells that had been suspended in saline. After incubation at 30°C for 48 h, the filters were transferred to 2.0 ml of saline, diluted, and plated on appropriate selective plates. As a control for spontaneous mutation, both parental strains were plated on the same selective plates. The plasmid transfer frequencies were calculated as the number of transconjugants divided by the number of recipients.
T. thiooxidans is an obligately autotrophic bacterium, for which the optimal pH for growth is 2.0 to 2.5, whereas E. coli is a heterotrophic bacterium whose optimal pH for growth is 7.0 to 7.5. Despite the marked differences in their growth requirements, crosses of the two strains could be made on the mating medium described above. E. coli C600 containing each of the IncP plasmids was used as the donor Table 2 . T. thiooxidans transconjugants were also obtained when selection for tetracycline (36 ,ug/ml) resistance (Tcr) was applied, but no ampicillin-resistant (Apr) transconjugants were obtained. The plasmid RP4 was transferred back to E. coli HB101 by using the Tt-3 transconjugant as the donor. All markers of RP4 were expressed in E. coli, and the frequency of transfer of RP4 from T. thiooxidans to E. coli was higher than that from E. coli to T. thiooxidans ( Table 2) . The results shown in Fig. 1 confirmed the presence of plasmid RP4 in the transconjugants. The stability of plasmid RP4 in strain Tt-3 was determined by plating under nonselective conditions. Cultures of strain Tt-3(RP4) were grown in an antibiotic-free liquid medium. Five transfers were made at 7-day intervals. Samples were diluted and plated for single colonies on antibiotic-free plates. Single colonies were then replicated (100 colonies) onto plates containing 50 ,ug of kanamycin per ml. Data obtained showed that RP4 was maintained consistently at a level of 69%.
In conclusion, the IncP plasmids can be transferred to and maintained in T. thiooxidans, and transfer back to E. coli is possible. Kanamycin and tetracycline resistance markers on the respective plasmids were expressed in T. thiooxidans. The ampicillin resistance marker was not expressed in T. thiooxidans. The expression of the mercury resistance (Hgr) marker in T. thiooxidans containing RP1::TnS5O was not tested. The mating conditions could be optimized further if a higher transfer frequency is required. The development of a conjugational system mediated by the IncP plasmids in T. thiooxidans would greatly facilitate the genetic study of leaching bacteria.
